LIGHT is an important costimulatory molecule for T cell immunity. Recent studies have further implicated its role in innate immunity and inflammatory diseases, but its cellular and molecular mechanisms remain elusive. We report here that LIGHT is upregulated and functions as a proinflammatory cytokine in 2 independent experimental hepatitis models, induced by concanavalin A and Listeria monocytogenes. Molecular mutagenesis studies suggest that soluble LIGHT protein produced by cleavage from the cell membrane plays an important role in this effect through the interaction with the lymphotoxin-b receptor (LTbR) but not herpes virus entry mediator. NK1.1 + T cells contribute to the production, but not the cleavage or effector functions, of soluble LIGHT. Importantly, treatment with a mAb that specifically interferes with the LIGHT-LTbR interaction protects mice from lethal hepatitis. Our studies thus identify a what we believe to be a novel function of soluble LIGHT in vivo and offer a potential target for therapeutic interventions in hepatic inflammatory diseases.
Introduction
Molecules belonging to the TNF superfamily play an integral role in the regulation of innate and adaptive immunity, as well as contributing to inflammatory responses through their effects on nonhematopoietic cells (1) . LIGHT (homologous to lymphotoxin, exhibits inducible expression, and competes with HSV glycoprotein D for herpes virus entry mediator, a receptor expressed by T lymphocytes) is a recently identified type II transmembrane glycoprotein of the TNF ligand superfamily (2) . LIGHT is expressed on immature DCs and activated T cells (2, 3) and binds to 3 distinct receptors, herpes virus entry mediator (HVEM), lymphotoxin-β receptor (LTβR), and decoy receptor 3/TR6 (2, 4) . Upon binding to HVEM, LIGHT costimulates T cells and accelerates proliferation and cytokine production (3, 5) . Gene targeting of LIGHT results in impaired T cell immunity and a compromised allograft rejection (6) (7) (8) . Thus, there is ample evidence indicating a crucial role of LIGHT in the adaptive immune system.
In contrast, the functional role of LIGHT in innate and inflammatory responses remains less explored. Although it has been shown in vitro that LIGHT induces apoptosis in several tumor cell lines, there are conflicting reports in regard to the specific receptor mediating this effect (9, 10) . Recent studies have suggested a potential role of LIGHT in inflammatory diseases including atherosclerosis (11) , arthritis (12) , IgA nephropathy (13) , and inflammatory bowel disease (14) . Despite these lines of investigation, the mechanism by which LIGHT mediates inflammatory responses remains elusive. For instance, we do not know which receptor(s) of LIGHT is responsible for these effects. In addition, although the soluble form of LIGHT has been detected in vitro (15, 16) , its presence and functions in the inflammatory diseases have yet to be explored in vivo.
Liver inflammation is mediated by immune responses to hepatocytes following liver-tropic pathogen infections or by pathogenic autoreactivity. Exploration of molecular and cellular mechanisms underlying liver inflammation is essential to treat acute hepatitis and to prevent liver cirrhosis and hepatocellular carcinoma following chronic hepatitis. A number of regulators have been implicated in both human and experimental hepatitis, including TNF superfamily molecules such as TNF-α and FasL (17) . In addition, potential involvement of LIGHT and LTβR in liver inflammation has been suggested by several observations. First, mice overexpressing LIGHT show immune cell infiltrations in the periportal areas of the liver (18, 19) . Second, enhanced expression of lymphotoxin-β is detected in the liver of patients with hepatitis C virus infection (20) . Interestingly, a direct molecular interaction between the cytoplasmic domain of LTβR and hepatitis C virus core protein has been observed (21) (22) (23) . Finally, LIGHT-LTβR interaction is implicated in the apoptotic cell death of hepatoma cells (24) as well as in the regeneration of hepatocytes (25) . These studies together suggest a potential regulatory function of LIGHT in liver inflammation.
In this study, we explore the expression and pathogenic role of LIGHT in 2 distinct mouse hepatitis models. We investigate the molecular mechanism of LIGHT-mediated liver inflammation and offer a novel therapeutic strategy based on this mechanism to ameliorate inflammation in the liver.
Results

Increased expression and a pathogenic role for LIGHT in experimental hepatitis.
In order to study a potential role for LIGHT in liver inflammation, we took advantage of a mouse hepatitis model induced by concanavalin A (ConA) injection (26) . First, we investigated the expression of LIGHT and its receptors in this model. Northern blot analysis showed that 1.5-3 hours after ConA treatment, LIGHT and HVEM mRNA expression was upregulated predominantly in the spleen, while LTβR was constitutively expressed in the liver, irrespective of ConA treatment ( Figure 1A ). This finding indicated an enhanced expression of LIGHT in the early phase of experimental acute hepatitis, leading us to further investigate the pathogenic role of LIGHT in the liver.
Using LIGHT-deficient mice (7), we then examined whether the increase of LIGHT expression was responsible for the pathogenesis of ConAinduced hepatitis. Four days after injection of a lethal dose of ConA, 80% of control C57BL/6J (B6) mice died of acute hepatitis ( Figure 1B ), which was characterized by a massive infiltration of inflammatory cells in the liver (data not shown) and an elevated serum alanine aminotransferase (ALT) ( Figure 1C ). In contrast, more than 90% of LIGHT-deficient mice survived indef initely with significantly lower levels of ALT. These results clearly indicate that LIGHT expression is a crucial event for the initiation and/or progression of ConA-induced hepatitis.
Proinflammatory functions of soluble LIGHT as a cytokine. In order to explore the mechanisms underlying LIGHT-mediated liver inflammation, we raised 3 crucial questions to be addressed. The first is whether the soluble form of LIGHT contributes to the liver pathogenesis, since LIGHT is cleaved from the cell membrane by MMP along with inflammatory stimuli (15, 16) . The second question is whether HVEM or LTβR is responsible for this effect as a functional receptor. The third one is how and which cells produce LIGHT that mediates liver inflammation.
To address the first question, we examined whether the soluble form of LIGHT is detectable in vivo upon ConA treatment. By a sandwich ELISA specific to mouse LIGHT, soluble LIGHT was detected in the mouse sera as soon as 1 hour after ConA treatment, followed by a rapid decline after 4 hours (Figure 2A) , suggesting a potential role of soluble LIGHT in the pathogenesis of liver inflammation. To further ascertain this, we designed a LIGHT mutant resistant to the enzymatic cleavage. LIGHT∆L, a deletion mutant lacking amino acids from Leu63 to Asp84, loses the capacity to produce soluble LIGHT both in vitro upon transfection into 293T cells and in in vivo gene expression by hydrodynamic injection (27) ; rather, it preferentially resides on the cell membrane (Supplemental Figure 1 ; supplemental material available online with this article; doi:10.1172/JCI27083DS1). This mutant is not functionally compromised, as it can cause cell death in HT-29 cells in the presence of IFN-γ at levels similar to those required of full-length LIGHT (Supplemental Figure 2) . Together with sublethal ConA treatment, in vivo expression of wild-type LIGHT by hydrodynamic injection resulted in a high mortality of recipient mice ( Figure 2B ). In contrast, the mice expressing LIGHT∆L survived as well as the mice receiving control vector plasmids. Consistent with these findings, pathological analyses indicated that hepatocytes were largely free from necrotic cell death after LIGHT∆L expression, whereas there were massive necrotic foci of hepatocytes after wild-type LIGHT expression ( Figure 2C ). In addition, direct administration of recombinant soluble LIGHT protein significantly increased the serum ALT level at 6 hours ( Figure 2D ) and led to the death of all the mice by 24 hours (data not shown). Collectively, these findings suggest that soluble LIGHT production by the cleavage of the membrane-bound form is a crucial mechanism for hepatitis progression.
Indispensable role of LTβR, but not HVEM, in the proinflammatory effects of LIGHT. We next addressed whether HVEM or LTβR plays
a responsible role in liver inflammation as a functional receptor of soluble LIGHT. To this end, we generated another mutant of mouse LIGHT, Y173F, by a single-amino-acid substitution of Phe for Tyr173. LIGHT Y173F selectively loses the binding to HVEM but not LTβR (Supplemental Figure 3) , consistent with the analogous mutant of human LIGHT (9) . Upon hydrodynamic injection into mice with a sublethal dose of ConA, LIGHT Y173F mediated hepatitis at a level comparable to that of wildtype LIGHT ( Figure 3A) , suggesting a dispensable role of HVEM in LIGHT-mediated hepatitis.
To further confirm this notion, we generated antagonistic mAbs to LTβR or HVEM. Our anti-LTβR Ab selectively blocks LIGHT-LTβR interaction but not LTβ-LTβR interaction, while anti-HVEM
Figure 3
LTβR is necessary and sufficient for LIGHT-mediated hepatitis. (A) B6 mice were injected with either empty vector or plasmid DNA encoding wild-type LIGHT or Y173F mutant by hydrodynamic method in combination with a sublethal dose of ConA (12.5 mg/kg). ALT levels were measured 18 hours after injection. One representative result from 2 independent experiments is shown as mean ± SD of 5 mice per group. (B) B6 mice were injected i.v. with 30 mg/kg of ConA together with 100 µg of control rat Ig (open circles, n = 12), anti-LTβR (filled circles, n = 10), or anti-HVEM mAb (filled squares, n = 9). The survival was monitored thereafter. (C) B6 mice were injected with either empty vector or plasmid DNA encoding LIGHT by hydrodynamic method in combination with a sublethal dose of ConA (12.5 mg/kg). The mice were treated i.p. with 100 µg of the indicated Abs 2 hours before the plasmid injections. After 18 hours, serum ALT levels were measured. One representative result from 2 independent experiments is shown as mean ± SD of 5 mice per group. hIg, control hamster Ig; rIg, control rat Ig.
Figure 4
Essential role of NKT cells in the production of soluble LIGHT in ConA-induced hepatitis. (A and B) B6 mice were treated i.p. with 500 µg of either control mouse IgG or anti-NK1.1 mAb (PK136) on days 0 and 3 (A). Similarly, B6 mice were treated i.p. with 30 µg of control rabbit IgG or anti-asialo GM1 (ASGM1) on days 0 and 3 (B). On day 4, each group was injected i.v. with 30 mg/kg of ConA, and mouse sera were collected 1 hour later. The amounts of soluble LIGHT were measured by ELISA. *P = 0.02. (C) CD1d-deficient mice were injected with 20 µg of control vector or LIGHT-encoding plasmid by hydrodynamic injection in combination with a sublethal dose of ConA (12.5 mg/kg). Mouse sera were collected 18 hours later, and ALT levels were measured. **P = 0.002. mAb interferes with LIGHT-HVEM interaction but not interaction between B and T lymphocyte attenuator (BTLA) and HVEM (Supplemental Figure 4) . Injection of anti-LTβR mAb profoundly decreased the mortality of mice with hepatitis induced by a lethal dose of ConA, whereas the anti-HVEM Ab showed a marginal effect on the survival ( Figure 3B ). Similarly, in the hepatitis model induced by hydrodynamic injection of LIGHT with sublethal ConA treatment, blockade of LIGHT-LTβR, but not LIGHT-HVEM, resulted in a significant decrease of the serum ALT level ( Figure 3C ). Taken together, these findings indicate that LIGHT-LTβR interaction is necessary and sufficient for LIGHT-mediated liver inflammation.
Essential role of NK1.1 + T cells in the production of soluble LIGHT in ConA-induced hepatitis. Since a crucial role of NK1.1 + T cells (NKT cells) in the pathogenesis of ConA-induced hepatitis has been described (28, 29) , we next examined a potential role of NKT cells in the production of soluble LIGHT. Mice treated with anti-NK1.1 mAb, which depletes NK and NKT cells in vivo (30, 31) , expressed significantly lower amounts of soluble LIGHT than the control Abtreated mice in response to ConA injection ( Figure 4A ). In contrast, the mice treated with asialo GM1, which depletes NK but not NKT cells (29) , produced as much soluble LIGHT as those treated with control Ab (Figure 4B ), suggesting a crucial role of NKT cells in the production of soluble LIGHT. On the other hand, when LIGHT was exogenously expressed by hydrodynamic injection, CD1d-deficient mice lacking NKT cells (32) showed a significant increase of serum ALT (Figure 4C) , indicating a dispensable role of NKT cells in the effector phase of LIGHT-mediated hepatitis. In addition, given that full-length LIGHT was expressed in this experiment, NKT cells may not be required for the cleavage of membrane-bound LIGHT. In fact, soluble LIGHT was detected at normal levels in anti-NK1.1 mAb-treated mice after hydrodynamic expression of full-length LIGHT (Supplemental Figure 5) . Furthermore, exogenous expression of LIGHT mediates a certain level of hepatitis even in the absence of ConA or in mice deficient in the Rag gene (Supplemental Figure 6) 50 per mouse) causes acute hepatitis associated with an immune cell infiltration and hepatocyte necrosis, ultimately leading to death in about 5 days (33). When we challenged wild-type or LIGHTdeficient B6 mice with this dose of L. monocytogenes, we found that the survival of LIGHT-deficient mice was significantly longer than that of the control mice ( Figure 5A ). Similarly, selective blockade of LIGHT-LTβR interaction by our anti-LTβR mAb significantly prolonged the survival of high-dose L. monocytogenesinfected mice compared with those treated with control Ab ( Figure 5B ). This effect was not due to an enhanced clearance of bacteria, since the titers of L. monocytogenes in liver and spleen were comparable between anti-LTβR mAb- and control Ab-treated mice (data not shown). In addition, we detected a low but significant amount of soluble LIGHT in the serum 24 hours after infection (100 ± 70 ng/ml, n = 5). Pathological analyses revealed that anti-LTβR mAb treatment decreased the infiltration of inflammatory cells and the necrosis of hepatocytes, thus maintaining overall integrity of liver microstructure ( Figure 5C ). These findings indicate that LIGHT plays a pathological role in L. monocytogenes-induced hepatitis and that blockade of the LIGHT-LTβR pathway has a therapeutic potential in hepatic inflammation mediated by liver-tropic pathogen infections.
Discussion
In this study, we delineated a novel function of LIGHT as a proinflammatory cytokine for hepatocyte damage. During the course of experimental hepatitis, activation of immune cells, predominantly NKT cells, leads to LIGHT production and subsequent cleavage as a cytokine. Soluble LIGHT circulates systemically and mediates hepatocyte death through the interaction with LTβR. Selective blockade of LIGHT-LTβR interaction ameliorates experimental hepatitis induced by ConA or L. monocytogenes, attesting to the important, nonredundant role of this mechanism in promoting liver inflammation.
Although a potential role of the interaction of LIGHT with HVEM and LTβR in various inflammatory diseases has been suggested (11-14) , the pathogenic effects and underlying mechanism of this role have not been fully explored so far. In this study, using LIGHT-deficient mice, we observed an essential role of LIGHT in initiating and/or promoting inflammatory responses, rather than its being merely a by-product of the inflammatory cascade. Since LIGHT-deficient mice display a phenotype of impaired T cell immunity (6) (7) (8) , it is worth considering whether lymphocyte activation through LIGHT costimulatory effects contributes to the inflammatory responses. In this regard, our findings using anti-HVEM mAb as well as LIGHT Y173F mutant suggest that a costimulatory role through HVEM is not necessary for LIGHTmediated liver inflammation. This notion could also be supported by evidence that LIGHT-deficient mice exhibit an immune dysfunction predominantly in CD8 + T cells (6) (7) (8) , whereas CD4 + T cells and NKT cells are the central players in ConA-induced hepatitis (26, 28) . In a model of L. monocytogenes-induced hepatitis, we found that the difference in survival of LIGHT-deficient mice becomes evident between days 3 and 5 after infection, when adaptive immunity including pathogen-specific CD8 + T cell responses has not yet dominated (33) . In addition, selective blockade of LIGHT-LTβR with anti-LTβR mAb ameliorated hepatitis as effectively as LIGHT deficiency did, suggesting a negligible role of the HVEM costimulatory pathway. Interestingly, a recent study reported that HVEM-deficient mice have enhanced responses to ConA with severe damage of the spleen, but not the liver, and elevated levels of serum cytokines (34) . These phenotypes are likely due to a lack of inhibitory signal through BTLA, another binding partner of HVEM (35) . In light of these findings, it can be postulated that LIGHT mediates inflammatory responses through LTβR, but not HVEM, on nonlymphocyte populations whereas HVEM-BTLA interaction negatively regulates inflammation by attenuating lymphocyte activation.
With regard to the cellular target of LIGHT-LTβR interaction, there are 3 possible components in the liver: hepatocytes, Kupffer cells, and liver stromal cells. Primary hepatocytes have been shown to constitutively express LTβR (25) , although its role in initiating death is controversial (24, 36) . It is plausible that, like peripheral macrophages (37), Kupffer cells express LTβR and produce proinflammatory cytokines such as TNF-α in response to LIGHT signal, leading to hepatocyte death. Finally, liver stromal cells might produce chemoattractive factors by LIGHT-LTβR signaling, thereby accelerating infiltration of proinflammatory cells in the liver, as various nonhematopoietic cells have been reported to express chemokines and adhesion molecules in response to LTβR stimulation (38) . These possibilities are now under investigation in our laboratory.
The intracellular region of LTβR has been shown to have specific domains for binding to TRAF-2, -3, and -5, which are responsible for the delivery of death signal (39) . LIGHT-LTβR interaction mediates cell death of certain tumor cell lines in the presence of IFN-γ, in which p38-MAPK and poly(ADP-ribose) polymerase (PARP) pathways induce upregulation of proapoptotic molecules such as Bak and downregulation of antiapoptotic molecules like Bcl-2 (40) . In addition, the association of proapoptotic molecules like Smac and IAP-1, along with TRAF-2 and TRAF-3, with the endogenous LIGHT-LTβR complex has been reported (41) . More specifically, in a hepatoma cell line, Hep3B, it has been postulated that LIGHT mediates cell death via activation of ROS and Ask-1 downstream of the TRAF-3 and TRAF-5 signals from the LTβR (42) . At present, we have not explored whether these mechanisms are responsible for the death of hepatocytes in our hepatitis model, but it is likely that these molecular events play a synergistic role in the hepatocyte cell death.
Although there is evidence for the presence of soluble LIGHT cleaved by MMP (15, 16) , to our knowledge, no studies have characterized the biological functions of soluble LIGHT. Here, our study using LIGHT mutant indicates that soluble LIGHT plays an important role in the pathogenesis of liver inflammation. Given that hydrodynamic injection of plasmid leads to a predominant gene expression in hepatocytes (43) , the inability of LIGHT∆L to mediate hepatitis suggests that a widespread distribution of soluble LIGHT, rather than cell-to-cell contact, might be essential to trigger inflammation against tightly packed cells such as hepatocytes. In addition, we detected soluble LIGHT in the serum after ConA injection (Figure 2A ) and found the ability of soluble LIGHT to mediate hepatitis ( Figure 2D) , supporting a crucial function of soluble LIGHT. Indeed, this notion is consistent with previous reports that certain MMP inhibitors protect mice from the lethal hepatitis induced by endotoxin (44) or hepatotoxin (45) . In clinical situations, a recent study indicated the presence of soluble LIGHT in the bronchoalveolar lavage of scleroderma patients with active inflammation but not in those without active inflammation (46) . We also found low but detectable levels of soluble LIGHT in about 30% of patients chronically infected with hepatitis B virus (K. Tamada et al., unpublished data). Taken together, these findings suggest that soluble LIGHT functions as an important accelerator for tissue inflammation as well as a potential clinical marker for inflammatory activation.
There is substantial evidence that NKT cells play an indispensable role in the pathogenesis of ConA-induced hepatitis (28, 29) . It was also suggested that the infection of L. monocytogenes is associated with the activation of NKT cells (47, 48) . Although the mechanism of liver damage mediated by NKT cells has not been entirely explored, their expression of FasL and IFN-γ may cause hepatocyte death directly or indirectly through the activation of Kupffer cells to produce TNF-α (49). Osteopontin derived from NKT cells and TNF-related apoptosis-inducing ligand (TRAIL) were also shown to be significant contributors to liver inflammation (50, 51) . Our study here indicated that NKT cells are essential for the production, but not the cleavage or effector functions, of soluble LIGHT induced by ConA injection. Interestingly, serum levels of IFN-γ and TNF-α, but not osteopontin, in response to ConA injection are significantly decreased in LIGHT-deficient mice (Supplemental Figure 7) . Although we have not explored a potential involvement of these effects in LIGHT-mediated hepatitis, it is conceivable that inflammatory mediators downstream of LIGHT contribute to the pathogenesis directly or indirectly through the synergistic effects with LIGHT (24) .
Hepatic inflammation and liver regeneration appear to be 2 sides of the same coin. TNF ligand superfamily molecules that mediate hepatic death and inflammation also accelerate liver regeneration, as shown by TNF-α and FasL (52, 53) . A recent study by Anders et al. indicated that the interaction of LIGHT and LTβ with LTβR also plays a crucial role in stimulating liver regeneration (25) . This dual function of LIGHT on hepatocytes could explain seemingly contradictory findings that it can either protect hepatocytes from death (36) or cause apoptosis itself (24) . Thus, LIGHT as well as TNF-α and FasL has integral functions in the regulation of liver homeostasis. It seems that these factors play nonredundant roles that cannot be compensated for by others, since manipulation of any of these factors significantly changes liver homeostasis. Our work thus identifies a critical role for soluble LIGHT-LTβR interaction in the pathogenesis of liver inflammation. Selective regulation of this arm among interactions between LIGHT, LTβR, HVEM, and BTLA would enhance our ability to intervene in the inflammatory diseases without affecting other important functions associated with these molecular pathways.
Methods
Mice, cell lines, and reagents. C57BL/6J (B6) and BALB/c mice were purchased from the National Cancer Institute (Frederick, Maryland, USA) and Jackson Laboratory, respectively. The mice deficient in CD1d or LIGHT (B6 background) were described previously (7, 32) . Age-matched 5- to 8-week-old mice were used for all experiments. All the animal experiments described in this manuscript were approved by the Johns Hopkins Animal Care and Use Committee of the Johns Hopkins University School of Medicine. A20 and 293T cells were purchased from ATCC. LIGHT-flag, LTβR-Ig, and HVEM-Ig fusion proteins were prepared as previously described (3, 5) . Anti-mouse HVEM mAb (clone, LH1) and anti-mouse LTβR mAb (clone, LLTB1) were generated in our laboratory as described before (54) . PK136 hybridoma was purchased from ATCC, and mAb was purified as previously described (54) . Anti-asialo GM1 was purchased from Cedarlane Laboratories Ltd. Mouse IgG, rat IgG, and human IgG were purchased from Sigma-Aldrich. Hamster IgG was purchased from Rockland Immunochemicals. All cDNA plasmids were purified by an EndoFree Maxi preparation kit (QIAGEN).
ConA-induced hepatitis. The mice were injected i.v. with either a lethal dose (25-30 mg/kg) or a sublethal dose (12.5 mg/kg) of ConA (Sigma-Aldrich) in PBS with or without hydrodynamic injection of plasmid DNA. Mouse survival and serum ALT level were monitored periodically. Serum ALT level was measured by a Transaminase kit (Sigma-Aldrich) according to the manufacturer's instructions. In some experiments, livers were harvested from the treated mice, fixed in formalin solution, and embedded with paraffin. The sections were stained with H&E for histological study.
L. monocytogenes-induced hepatitis. The mice were infected i.p. with virulent L. monocytogenes (strain DP-L4056), which was kindly provided by Thomas W. Dubensky Jr. from Cerus Corp. Mouse survival was monitored thereafter. In some experiments, liver and spleen were harvested 3 days after infection for histological analysis and measurement of bacterial titer by plating of homogenized organs on CHROMagar Listeria plates (BD Diagnostics).
Northern blot analysis. Total RNA was extracted from liver and spleen using an RNeasy Mini Kit (QIAGEN). Purified RNA (10 µg/sample) was separated by electrophoresis on a 1.5% denaturing agarose gel. The fractionated RNA was then transferred onto a Hybond-N + membrane (Amersham Pharmacia Biotech), and blotted with 32 P-labeled full-length mouse LIGHT, HVEM, LTβR, or GAPDH cDNA probe using the a Rediprime kit (Amersham Pharmacia Biotech).
ELISA specific to mouse LIGHT. Two distinct LIGHT-specific Abs, ML163 and ML209, were established as previously described (5) . For LIGHT-specific ELISA, ML163 (2 µg/ml) was coated on the plate, and biotin-conjugated ML209 (5 µg/ml) was used as detection Ab. ELISA was conducted according to the procedures described previously (5) . A linear standard curve was obtained with LIGHT-flag fusion protein as a positive control.
In vitro gene expression and hydrodynamic injection. Lipofectamine 2000 (Invitrogen Corp.) was used for gene transfection into 293T cells according to the manufacturer's instructions. For in vivo gene expression, hydrodynamic injection of plasmids, in which 20 µg of plasmid DNA in 2 ml PBS is rapidly injected into the tail vein, was performed as previously described (27) . A sublethal dose of ConA (12.5 mg/kg) was combined in the diluents in some experiments.
Generation of LIGHT mutants. A plasmid encoding a single-amino-acid substitution of Phe for Tyr173 (Y173F) was generated by 2-step PCR in which wild-type mouse LIGHT cDNA was used as the template. First, overlapping oligonucleotide primers encoding the desired mutations were synthesized, and 2 flanking 5′ and 3′ primers were designed with XbaI and BamHI restriction sites, respectively. Appropriate regions of cDNA were initially amplified using corresponding overlapping and flanking primers. Then, using the flanking 5′ and 3′ primers, fragments whose sequences overlapped were fused together and amplified. PCR product was digested with XbaI and BamHI and ligated into XbaI/BamHI-digested pcDNA3.1 vectors (Invitrogen Corp.). Plasmids encoding LIGHT∆L mutant were designed to remove amino acids from Leu63 to Asp84 of LIGHT. LIGHT∆L was similarly constructed by 2-step PCR using overlapping oligonucleotide primers encoding the sequences adjacent to the desired deletion. To verify the accuracy of mutation, both mutants were sequenced using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems).
Statistics. ALT levels and LIGHT levels in the serum were compared between groups using 2-tailed Student's t test. Survival experiments are shown as Kaplan-Meier survival curves and analyzed using the log rank test. P values less than 0.05 were considered statistically significant in both tests.
